Isolated nuclei, prepared from myeloblasts of chicks infected with avian myeloblastosis virus, synthesize RNA sequences present in avian myeloblastosis viral RNA. These sequences are also formed during transcription of chromatin, isolated from myeloblasts, by DNA-dependent RNA polymerases purified from Escherichia coli or calf thymus. In the latter case, transcription is a-amanitin sensitive. Formation of hybrids between RNA and avian myeloblastosis virus DNA probes has been monitored by the combined use of ribonucleases A, T1, and H, and ribonucleases specific for single strands.
RNA tumor viruses replicate via an undefined pathway dependent on both DNA synthesis and DNA-dependent RNA synthesis. The mechanisms involved in replication were partly resolved with the discovery by Baltimore and Mitzutani and Temin of an RNA-dependent dNTP incorporating system within RNA tumor virions. It is now well established that the genetic information required for production of RNA tumor viruses can exist in a cryptic state in animal cells and that virus formation can be induced by a variety of agents (cf 1, 2). A number of workers have also demonstrated that sequences complementary to the RNA genome of RNA tumor viruses are present in DNA isolated from various animal cells (1, (3) (4) (5) (6) (7) (8) (9) . These observations suggest that replication of RNA tumor viruses may proceed via a pathway which includes integration of viral genetic information in the form of DNA in the host chromosome; this integrated information could be released in the form of RNA. With this hypothesis in mind, we examined nuclei isolated from myeloblasts of avian myeloblastosis virus (AMV) infected birds for their ability to synthesize RNA containing AMV RNA sequences; as presented in this communication, such sequences were detected. These observations have been extended to RNA formed during transcription of chromatin isolated from myeloblasts with highly purified DNA-dependent RNA polymerase of Escherichia coli or RNA polymerase B isolated from calf thymus.
MATERIALS AND METHODS
Synthests and Isolation of DNA Complementary to AMV RNA. Reaction mixtures (1 ml) containing 50 mM Tris* HCl, pH 8.0 (at 370), 10 mM MgCl2, 5 mM dithioerythritol, 2 mM potassium phosphate, pH 8.0, 0.2 mM each of dATP, dGTP, and dCTP, 0.01-0.04 mM [3H]dTTP (1 to 10 X 101 cpm/ pmole), 5 mM phosphoenolpyruvate, 0.1 unit of pyruvate kinase, 0.02% NP-40 detergent, 100 ,ug of actinomycin D, and 2 mg of AMV were incubated for 2-4 hr at 37°. Reactions were terminated by the addition of ethylenediaminetetraacetate (EDTA) (50 mM) and sodium dodecyl sulfate (1%), extracted with phenol, precipitated with ethanol, dissolved in 0.3 M NaOH, and incubated 10-16 hr at 370. Low-molecularweight material was removed by gel filtration through Sephadex G-50. The [3H]DNA product was 98% single-stranded as determined by its sensitivity to Neurospora and SI nucleases, and its elution profile from hydroxylapatite. The product size, based on sedimentation in neutral sucrose gradients, was 4-6S as previously noted by others (cf. 2).
Isolation of S5S RNA from AMV. All glassware and solutions used in this procedure were sterile. AMV was concentrated from plasma by centrifugation at 80,000 X g for 30 min. The pellet was suspended in buffer (STE) containing 20 mM Tris-HCl, pH 8.0, 0.1 M NaCl, and 1 mM EDTA; 50 /Ag/ml of proteinase K and sodium dodecyl sulfate (final concentration of 0.5%) were added and the mixture was incubated at 23°for 30 min on a slow rotary mixer. The solution was extracted twice with phenol, precipitated with ethanol, dried, and redissolved in STE containing 0.1% sodium dodecyl sulfate. 70S RNA was separated from total RNA by centrifugation through a 10-30% sucrose gradient (containing STE and 0.1% sodium dodecyl sulfate) in an SW 50.1 rotor for 60 min at 48,000 rpm. [14C]RNA markers (4S, 16S, and 23S) were centrifuged simultaneously in another gradient. Carrier yeast tRNA was added to the pooled 70S RNA, and the mixture was precipitated and collected as described above. The RNA dissolved in STE was then heat-denatured at 800 for 5 min, rapidly cooled on ice, and immediately centrifuged through a 10-30% sucrose gradient for 90 min at 60,000 rpm in an SW 65 rotor. Low-molecular-weight material was removed from the pooled 35S RNA by filtration through Sephadex G-50.
Enzyme8. Neurospora nuclease was purified according to the method of Rabin and Fraser (10) . RNase H from E. coli (11) was purified by Dr. I. Berkower of this Department. DNAdependent RNA polymerase B (a-amanitin sensitive) was purified from calf thymus by the procedure of Kedinger and Chambon (12) through glycerol gradient centrifugation. Such enzyme fractions incorporated 30 nmole of UMP per mg of protein in 10 min at 370 at pH 8.0 using denatured salmon sperm DNA as template. DNA-dependent RNA polymerase from E. coli (holoenzyme) (13) Nuclei isolated in the presence of Triton X-100 (15) were suspended in 20% glycerol containing 4 mM MgCl2, 10 mM Tris* HCl, pH 7.9, and 5 mM dithioerythritol. Nuclei preparations were then frozen in liquid N2 and stored at -60°. Purity and intactness of nuclei were monitored by phase microscopy.
Isolation of Chromatin and DNA from Myeloblast Nuclei. Chromatin was isolated from myeloblast nuclei as described by Huang and Huang (16) for the isolation of chromatin from chick-embryo nuclei with the following modifications: the saline-EDTA washes were omitted, the 0.5 M Tris-HCl wash was repeated once, and the 1 mM Tris' HOl wash was also omitted. After dissolving the chromatin in water, pH 8.0 (adjusted with NH40H), the solution was made 0:14 M and 0.01 M with respect to NaCl and Tris HCl, pH 8.0, respectively, and incubated at 00 with gentle stirring for 30 min. Chromatin was collected by centrifugation, redissolved in H20, pH 8.0, and the NaCl wash was repeated. The chromatin suspension (in water) was then adjusted to 0.01 M Tris * HC1, pH 8.0, and centrifuged through 1.7 M sucrose as described by Bonner et al. (17) . The chromatin pellet was redissolved in 2 volumes of H20 and dialyzed for 12 hr against H20, pH 8.0.
Chromatin suspensions were stored at 00, and used within 2 weeks of preparation.
DNA from myeloblast nuclei was prepared by the procedure described by Gross-Bellard et al. (18 [3H]DNA probe at CR+D X t greater than 10-1 (CR+D is the total concentration of RNA and DNA in moles of nucleotide/ liter; t is sec). Samples were treated with Neurospora nuclease for 40 min at 370, and acid-insoluble material remaining was determined as described in Materials and Methods. DNA in hybrid structure is defined as Neurospora nuclease resistant material. The results have been corrected for a background resistance of 1.5%. The RNA to DNA ratio is a molar ratio based on the absorbance at 260 nm of RNA; the amount of DNA added was calculated from the known specific activity of the labeled nucleotides used in its formation.
DNA -RNA Hybridization.
[3H]DNA probe and RNA transcript products were hybridized at 680 in 50 mM Tris * HCl, pH 7.5, 1 mM EDTA, and 0.3 M NaCl in volumes ranging between 0.01 and 0.2 ml. Incubation times and concentrations of nucleic acid used varied in each experiment.
IsolatwnofDNA * RNA Hybrids. Isopycnic centrifugation of the radioactive products was as previously described (19 polymerase (23) . The detection of significant amounts of AMV RNA in nuclear transcript products suggested that viral specific sequences might also be found in the RNA transcribed in vitro from myeloblast chromatin by an exogenous RNA polymerase. Since studies with myeloblast nuclei suggested that AMV-specific sequences were synthesized uniquely by the a-amanitin sensitive nucleoplasmic enzyme, the products synthesized from chromatin by the corresponding enzyme isolated from calf thymus were examined for these sequences. The requirements for RNA synthesis from myeloblast chromatin by calf-thymus RNA polymerase B were similar to those reported above for isolated nuclei except that Mn++ stimulated synthesis 10 to 20-fold more than Mg+-. The amount of virus-specific RNA in the transcript products was determined as shown in Table 2 . Subsequent to annealing the isolated product with a 100-fold excess of the AMV DNA probe, approximately 1% of the total product was present in stable RNA*DNA hybrid structures. Similar results were obtained when E. coli RNA polymerase was substituted for the mammalian enzyme.
The validity of the techniques used to measure hybrid structures was supported by the following results. The material resistant to Neurospora nuclease banded at hybrid density (p = 1.55 g/ml) upon isopycnic centrifugation in Cs2SO4, but shifted to the density of DNA (p = 1.43 g/ml) after treatment with RNase H. Incubation of myeloblast chromatin transcript products under annealing conditions without AMV [3H]DNA probe or annealing of RNA transcript products formed in reactions primed with calf-thymus DNA with the DNA probe 1, 20) . Contaminating host-specific sequences contained in the DNA probe could alter the specificity of hybridization assays by converting host-specific RNA sequences into hybrid structures. This possibility seems remote in the experiments reported here since at least 90-95% of the viral probe DNA formed stable hybrid structures with 35S AMV RNA. The conclusion that the hybridization assay was detecting virus-specific RLNA was further reinforced by negative results obtained with RNA transcribed in isolated liver nuclei from uninfected chickens.
The main purpose of these experiments was to quantitate the amount of viral-specific RNA transcribed in vitro from myeloblast chromatin by E. coli and calf-thymus RNA polymerases. Approximately 1% of the total products transcribed by the mammalian and bacterial polymerase formed stable RNA -DNA hybrid structures with the viral DNA probe. Since this figure agrees with the amount of viral-specific RNA found in nuclear transcript products, these results suggest that the procedure used to isolate chromatin had not severely altered its physical state. In agreement with the observations of Axel et al. (23) on globin RNA synthesis, AMV-specific RNA was not detected in products transcribed from native or denatured myeloblast DNA. A plausible explanation for the latter result is that removal of non-DNA elements from chromatin allowed transcription of a greater number of sequences, thus causing viral RNA to be diluted to undetectable levels. The amount of virus-specific RNA formed from chromatin can be calculated to be approximately 103-fold higher than would be expected from a random transcription of the few copies of integrated viral DNA. This amplification must result from a restriction in the transcription process. Since viral-specific sequences were amplified to the same extent by both eukaryotic and prokaryotic polymerase preparations, the restriction of transcription probably occurs at the level of chromatin under the present experimental conditions.
